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Over % of all IYPTs 1988...2026 (20 out of 39)
340 problems for PFs (out of 663+6)

An amazing team of co-authors (since/2012)
A successful case of knowledge transfer

A tool to increase visibility and promote IYPT problems
towards participants and a broader community

A visible cooperation-based asset of the IYPT portfolio
A model for excellent follow-up efforts

The Day One was September 29, 2006



Is the novel research Iim;ea'aﬁd
discouraged by the existing common
knbwledge and the ongoing work of
c%peting groups?

—




Important information

The basic goal of this Kit is not in providing students with a start-to-finish manual or in
limiting their creativity, but in encouraging them to

o regard their work critically,

o look deeper,

o have a better background knowledge,

o be skeptical in embedding their projects into the standards of professional research,
o and, as of a first priority, be attentive in not “re-inventing the wheel”

An early exposure to the culture of scientific citations, and developing a responsible
attitude toward making own work truly novel and original, is assumed to be a helpful
learning experience in developing necessary standards and attitudes

Good examples are known when the Kit has been used as a concise supporting material
for jurors and the external community; the benefits were in having the common
knowledge structured and better visible

Even if linked from iypt.org, this file is not an official, binding release of the IYPT, and
should under no circumstances be considered as a collection of authoritative “musts” or
“instructions” for whatever competition

All suggestions, feedback, and criticism about the Kit are warmly appreciated
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Problem No. 1 “Invent Yourself”

A self-starting siphon can be made using a piece of rigid tubing bent into a specific
shape. When the siphon is partially immersed in water, it begins siphoning water
without the need for initial suction. Investigate how the relevant parameters, such as

the geometry, affect the siphoning process.



Background reading

Seeing Inside a Self-Starting Siphon (youtube, Action Lab Shorts, 18.12.2024),
https://www.youtube.com/shorts/BAlte3mmY5k

This Tube Makes Water Flow By Itself (youtube, The Action Lab, 04.08.2023),
https://youtu.be/nA_ZTKLYNtA

JkcnepumeHT "Cndon" (youtube, AHgpen EpowknH, 07.01.2021),
https://youtu.be/1ImQVxB3F2Q

| MADE THE BIGGEST SELF STARTING SIPHON (youtube, President Chay, 13.10.2020),
https://youtu.be/InbhVUG2Hog

Make a Self-Starting Siphon | STEM Activity (youtube, Science Buddies, 08.05.2020),
https://youtu.be/SJNR8mMQKDqo

How To Make a Self-Starting Siphon (youtube, D!NG, 10.04.2020),
https://youtu.be/1vq_h4myH1E

Water Demonstrations Part One --. Siphons // Homemade Science with Bruce Yeany (youtube,
Homemade Science with Bruce Yeany, 29.01.2019), https://youtu.be/KPgXxYma5L0

Self-starting siphon - another look (youtube, CuriosityShow, 04.08.2017),
https://youtu.be/8zjzuge9gAw

Self-starting siphon experiment (How to make a self starting straw siphon) (youtube, Kids Fun
Science, 10.05.2017), https://youtu.be/awg-XP5bV18

Automatic Bell Siphon Explained (youtube, Practical Engineering, 20.02.2017),
https://youtu.be/ vV _z 0IFQ8

Self-starting siphon (YouTube, CuriosityShow, 08.03.2014), https://youtu.be/4SEv_GxA070



Background reading

Wikipedia: Siphon, https://en.wikipedia.org/wiki/Siphon
Wikipedia: Pythagorean cup, https://en.wikipedia.org/wiki/Pythagorean cup

K. Wang, P. Sanaei, J. Zhang, and L. Ristroph. Open capillary siphons. J. Fluid Mech. 932, R1
(2022), https://doi.org/10.1017/jfm.2021.1056

C. Li, H. Dai, C. Gao, T. Wang, Z. Dong, and L. Jiang. Bioinspired inner microstructured tube
controlled capillary rise. Proc. Natl. Acad. Sci. U.S.A. 26, 116, 12704-12709 (2019),
https://doi.org/10.1073/pnas.1821493116

F. Vera, R. Rivera, D. Romero-Maltrana, and J. Villanueva. Negative pressures and the first water
siphon taller than 10.33 meters. PLoS ONE 11, 4, e0153055 (2016),
https://doi.org/10.1371/journal.pone.0153055

A. Boatwright, S. Hughes, and J. Barry. The height limit of a siphon. Sci. Rep. 5, 16790 (2015),
https://doi.org/10.1038/srep16790

S. Hughes and S. Gurung. Exploring the boundary between a siphon and barometer in a
hypobaric chamber. Sci. Rep. 4, 4741 (2014), https://doi.org/10.1038/srep04741

S. Viridi, Suprijadi, S. N. Khotimah, Novitrian, and F. Masterika. Self-siphon simulation using
molecular dynamics method. Recent Development in Comp. Sci. 2, 1, 9-16 (2011),
arXiv:1104.1847 [physics.flu-dyn], https://doi.org/10.48550/arXiv.1104.1847

A. G. Schmidt. Siphon uses atmospheric pressure. Phys. Today 64, 4, 11 (2011),
https://doi.org/10.1063/1.3580481

S. W. Hughes. The secret siphon. Phys. Educ. 46, 3, 298-302 (2011),
https://doi.org/10.1088/0031-9120/46/3/007



Background reading

A. Richert and P.-M. Binder. Siphons, revisited. Phys. Teach. 49, 2, 78-80 (2011),
https://doi.org/10.1119/1.3543576

S. W. Hughes. A practical example of a siphon at work. Phys. Educ. 45, 2, 162-166 (2010),
https://doi.org/10.1088/0031-9120/45/2/006

G. Planinsi¢ and ). Slisko. The pulley analogy does not work for every siphon. Phys. Educ. 45, 4,
356-361 (2010), https://doi.org/10.1088/0031-9120/45/4/005

S. Ganci and V. Yegorenkov. Historical and pedagogical aspects of a humble instrument. Eur. |.
Phys. 29, 3, 421-430 (2008), https://doi.org/10.1088/0143-0807/29/3/003

Z. Guo and Y. Cao. Experimental studies of biliquid capillary siphons. Chem. Eng. Sci. 10, 60,
2621-2626 (2005), https://doi.org/10.1016/j.ces.2004.12.015

E. J. Ansaldo. On Bernoulli, Torricelli, and the siphon. Phys. Teach. 20, 4, 243-244 (1982),
https://doi.org/10.1119/1.2341014

A. Potter and F. H. Barnes. The siphon. Phys. Educ. 5, 6, 362-366 (1971),
http://doi.org/10.1088/0031-9120/6/5/005

E. C. Watson. Reproductions of Prints, Drawings, and Paintings of Interest in the History of
Physics. 62. The Invention of the Siphon. Am. J. Phys. 22, 6, 390-393 (1954),
https://doi.org/10.1119/1.1933754

H. C. Barker. The siphon in text-books. Science 51, 1324, 489-491 (1920),
https://doi.org/10.1126/science.51.1324.489



Background reading

= Self-Starting Siphon Tube (Flinn Scientific, 2016),
https://www.flinnsci.com/api/library/Download/dc38aalb3aa94el7b6140e62573d3fa8

= Make a Self-Starting Siphon (Ben Finio, Science Buddies), https://www.sciencebuddies.org/stem-
activities/self-starting-siphon
= 52.5: The Siphon (phys.libretexts.org),

https://phys.libretexts.org/Courses/Prince_Georges Community College/General_Physics |: Cla
ssical_Mechanics/52:_Fluid_Dynamics/52.05: The Siphon
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Problem No. 2 “Electrical damping”

A magnet suspended by a spring will display simple harmonic motion when displaced.
If the magnet oscillates within a coil connected to a resistor, its motion will be
damped. Investigate the factors that affect the damping.
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Background reading

20.6b Ex1: ON11 P41 Q3 Oscillating Magnet Damping | A2 Induction | CAIE A Level Physics
(youtube, ETphysics, 02.02.2021), https://youtu.be/EIEMzE06r8Y

Wikipedia: Magnetic damping, https://en.wikipedia.org/wiki/Magnetic_damping
Wikipedia: LC circuit, https://en.wikipedia.org/wiki/LC circuit
Wikipedia: Electromagnetic induction, https://en.wikipedia.org/wiki/Electromagnetic_induction

B. Cadiou, C. Stephan, A. Renoult, and G. Michon. Damping adjustment of a nonlinear vibration
absorber using an electro-magnetomechanical coupling. J. Sound Vib. 518, 116508 (2022),
https://doi.org/10.1016/j.jsv.2021.116508

M.-H. Kwon and H.-M. Choi. Study on the underdamped oscillation of a mass-spring system
subject to electromagnetic induction. New Physics: Sae Mulli 2, 62, 128-134 (2012),
https://doi.org/10.3938/NPSM.62.128

G. Donoso, C. L. Ladera, and P. Martin. Magnetically coupled magnet-spring oscillators. Eur. |.
Phys. 3, 31, 433-452 (2010), https://doi.org/10.1088/0143-0807/31/3/002

A. Singh, Y. N. Mohapatra, and S. Kumar. Electromagnetic induction and damping: Quantitative
experiments using a PC interface. Am. J. Phys. 70, 4, 424-427 (2002), arXiv:physics/0111016
[physics.ed-ph], https://doi.org/10.1119/1.1446859

How resistance in coils affects the damping of oscillations of a magnet through them
(physics.stackexchange.com, Aug 25, 2018),
https://physics.stackexchange.com/questions/424726/how-resistance-in-coils-affects-the-
damping-of-oscillations-of-a-magnet-through



Background reading

A. Fow and M. Duke. Determining the characteristics of a passive linear electro-magnetic
damper for a lightweight vehicle (waikato.ac.nz),

https://researchcommons.waikato.ac.nz/server/api/core/bitstreams/a89ae679-a936-46al-a43a-
f274c9ab4353/content




Problem No. 3 “Ring fountain”

When a flat metal ring falls from a certain height into a water tank, it generates a
fountain that can shoot water high into the air. How does the maximum height of the

fountain depend on the ring's parameters?




Background reading

Oddly Satisfying: Object Falling into Water in Super Slow Motion (youtube, LoopVibe,
13.06.2025), https://www.youtube.com/shorts/xix7Bkdj-g8

KymynaTtueHble cTpyun (youtube, GetAClass - ®u3mka B onblTax U 3KCNepmMMeHTax, 26.12.2023),
https://youtu.be/suF5Q2x3-Wk

Slow-motion Footage of Objects Falling in Water (youtube, Billy Zig, 02.12.2022),
https://youtu.be/7KjBRGQGMFg

Cumulative jets - Experiments in physics (youtube, GetAClass - ®u3nka B onbiTax u
IKcnepuMmeHTax, 24.12.2015), https://youtu.be/-GEej63gXGo

Wikipedia: Splash (fluid mechanics), https://en.wikipedia.org/wiki/Splash_(fluid_mechanics)

X. Li and J. Li. Worthington jets during water entry of spheres with no cavity formed (2024),
arXiv:2412.16508 [physics.flu-dyn]

J. Belden, N. B. Speirs, A. M. Hellum, M. Jones, A. J. Paolero, and T. T. Truscott. Water entry of
cups and disks. J. Fluid Mech. 963, A14 (2023), https://doi.org/10.1017/jfm.2023.330

K. G. Bodily, S. J. Carlson, and T. T. Truscott. The water entry of slender axisymmetric bodies.
Phys. Fluids 26, 7, 072108 (2014), https://doi.org/10.1063/1.4890832

T. T. Truscott, B. P. Epps, and J. Belden. Water entry of projectiles. Annu. Rev. Fluid Mech. 46, 1,
355-378 (2014), https://doi.org/10.1146/annurev-fluid-011212-140753

l. R. Peters, D. van der Meer, and J. M. Gordillo. Splash wave and crown breakup after disc
impact on a liquid surface. . Fluid Mech. 724, 553-580 (2013),
https://doi.org/10.1017/jfm.2013.160



Background reading

S. Gekle and J. M. Gordillo. Generation and breakup of Worthington jets after cavity collapse.
Part 1. Jet formation. J. Fluid Mech. 663, 293-330 (2010),
https://doi.org/10.1017/50022112010003526

R. Bergmann, D. van der Meer, S. Gekle, A. van der Bos, and D. Lohse. Controlled impact of a
disk on a water surface: cavity dynamics. . Fluid Mech. 633, 381-409 (2009), arXiv:0804.0748
[physics.flu-dyn], https://doi.org/10.1017/50022112009006983

S. Gekle, J. M. Gordillo, D. van der Meer, and D. Lohse. High-speed jet formation after solid
object impact. Phys. Rev. Lett. 102, 3, 034502 (2009),
https://doi.org/10.1103/PhysRevLett.102.034502

V. Duclaux, F. Caillé, C. Duez, C. Ybert, L. Bocquet, and C. Clanet. Dynamics of transient
cavities. J. Fluid Mech. 591, 1-19 (2007), https://doi.org/10.1017/S0022112007007343

C. Duez, C. Ybert, C. Clanet, and L. Bocquet. Making a splash with water repellency. Nat. Phys.
3, 3, 180-183 (2007), arXiv:cond-mat/0701093 [cond-mat.soft],
https://doi.org/10.1038/nphys545

JR Minkel. Why dropping a stone makes a jet. Phys. Rev. Focus 23, 3 (2009),
https://physics.aps.org/story/v23/st3

J. M. Oliver. Water entry and related problems (PhD thesis, Univ. of Oxford, 2002),
https://ora.ox.ac.uk/objects/uuid:9c144534-56f9-4485-80dc-993f3ed7530e

B. B. Manep. KymynatunsHbI 3peKT B MPOCTbIX onbiTax. - M.: Hayka, 1989,
https://klex.ru/vla



Background reading

= M. A JlaBpeHTbeB 1 b. B. LLabaT. MNpobnembl rugpoanHaMUKN U X MaTeMaTUYeCKNe MoLeNN.
- M.: Hayka, 1973. - cTp. 291, 355, https://www.klex.ru/14rh

= R.Bergmann, M. Stijnman, D. van der Meer, A. Prosperetti, and D. Lohse. Void collapse and jet
formation: The impact of a disk on a water surface (Proc. ICTAM04, 2004),
https://ris.utwente.nl/ws/portalfiles/portal/278033401/Bergmann2004void.pdf,
http://fluid.ippt.gov.pl/ictam04/text/sessions/docs/FM10/11909/FM10 11909.pdf

=  Worthington jets explanation: fluid phenomenon (physics.stackexchange.com, Jul 06, 2015),
https://physics.stackexchange.com/questions/192860/worthington-jets-explanation-fluid-
phenomenon




Problem No. 4 “Oil flow”

A thin layer of cooking oil on a flat metal surface flows outwards when heated.
Investigate the phenomenon and its dependence on relevant parameters.




Background reading

Time Lapse of Dry Spot Formation on Frying Pan (youtube, SciTech Daily, 04.02.2021),
https://youtu.be/9juN0502elE

Wikipedia: Thin-film equation, https://en.wikipedia.org/wiki/Thin-film_equation
Wikipedia: Marangoni effect, https://en.wikipedia.org/wiki/Marangoni_effect
K. Jory and A. Satheesh. Marangoni convection in shallow annular pools of silicone oil heated

from above. Case Stud. Therm. Eng. 40, 102556 (2022),
https://doi.org/10.1016/j.csite.2022.102556

A. |. Fedorchenko and J. Hruby. On formation of dry spots in heated liquid films. Phys. Fluids 33,
2, 023601 (2021), https://doi.org/10.1063/5.0035547

A. Samoilova and A. Nepomnyashchy. The oscillatory longwave Marangoni convection in a thin
film heated from below. SN Applied Sciences 3, 803 (2021), https://doi.org/10.1007/s42452-
021-04764-5

J. A. Dijksman, S. Mukhopadhyay, R. P. Behringer, and T. P. Witelski. Thermal Marangoni-driven
dynamics of spinning liquid films. Phys. Rev. Fluids 8, 4, 084103 (2019),
https://doi.org/10.1103/PhysRevFluids.4.084103

S. Sahasrabudhe, V. Rodriguez-Martinez, M. O’Meara, and B. Farkas. Density, viscosity, and
surface tension of five vegetable oils at elevated temperatures: Measurement and modeling.
Int. J. Food Prop. 20, sup2, 1965-1981 (2017), http://doi.org/10.1080/10942912.2017.1360905
L. H. Tan, E. Leonardi, T. J. Barber, and S. S. Leong. Experimental and numerical study of

Marangoni convection in shallow liquid layers. Int. J. Comput. Fluid Dyn. 19, 6, 457-473 (2005),
https://doi.org/10.1080/10618560500233537



Background reading

M. Gugliotti, M. S. Baptista, M. J. Politi, T. P. Silverstein, and C. D. Slater. Surface tension
gradients induced by temperature: The thermal Marangoni effect. . Chem. Educ. 6, 81, 824-
826 (2004), https://doi.org/10.1021/ed081p824

J. M. Davis, B. J. Fischer, and S. M. Troian. A general approach to the linear stability of thin
spreading films. In: Interfacial Fluid Dynamics and Transport Processes (Eds R. Narayanan and
D. Schwabe, Springer, 2003), pp 79-106, https://doi.org/10.1007/978-3-540-45095-5 5,
https://www.its.caltech.edu/~stroian/papers/Davis_InterfacialFluidDynamics 03.pdf

L. H. Tan, E. Leonardi, T. J. Barber, S. S. Leong, and T. A. Kowalewski. Experimental and
numerical study of Marangoni-natural convection (ippt.pan.pl),
http://bluebox.ippt.pan.pl/~tkowale/papers/FM14 11477 .pdf

Why Food Sticks to Nonstick Frying Pans (publishing.aip.org, Feb 2, 2021),
https://publishing.aip.org/publications/latest-content/why-food-sticks-to-nonstick-frying-pans/
Fascinating Physics Behind Why Food Sticks to Nonstick Frying Pans (scitechdaily.com, Feb 7,
2021), https://scitechdaily.com/fascinating-physics-behind-why-food-sticks-to-nonstick-frying-
pans/



Problem No. 5 “Elastic wave dynamics”

Suspend a metal ball from a fixed support using a rubber band and twist it many times
around its vertical axis. When the ball is released, standing waves are formed on the
rubber band. Investigate this phenomenon and study how the wave depends on
relevant parameters.



Background reading

Wikipedia: Rubber band, https://en.wikipedia.org/wiki/Rubber_band

Wikipedia: Rubber band motor, https://en.wikipedia.org/wiki/Rubber _band_motor
Wikipedia: Rubber Elasticity, https://en.wikipedia.org/wiki/Rubber elasticity
Wikipedia: Hyperelastic Material, https://en.wikipedia.org/wiki/Hyperelastic_material
Wikipedia: Mullins Effect, https://en.wikipedia.org/wiki/Mullins_effect

Wikipedia: Elastometer, https://en.wikipedia.org/wiki/Elastomer

M. Leembruggen, J. Andrejevic, A. Kudrolli, and C. H. Rycroft. Computational model of twisted
elastic ribbons. Phys. Rev. E 108, 1, 015003 (2023),
https://doi.org/10.1103/PhysRevE.108.015003

L. Slepyan and A. B. Movchan. An overview of elastic waveguides with dynamic sub-structures.
Phil. Trans. R. Soc. A 380, 2237, 20210381 (2022), https://doi.org/10.1098/rsta.2021.0381

X. Li, B. Sun, Y. Zhang, and Y. Dai. Dynamics of rubber band stretch ejection. Preprints
2021030294 (2021), https://doi.org/10.20944/preprints202103.0294.v1

D. Featonby, D. Keenahan, and M. Fernandez. Standing waves in strings—the answer. Phys.
Educ. 6, 55, 067001 (2020), https://doi.org/10.1088/1361-6552/ab7445

G. Zurlo, J. Blackwell, N. Colgan, and M. Destrade. The Poynting effect. Am. J. Phys. 88, 12,
1036-1040 (2020), arXiv:2004.09653 [cond-mat.soft], https://doi.org/10.1119/10.0001997

A. Majumdar and A. Raisch. Stability of twisted rods, helices and buckling solutions in three
dimensions. Nonlinearity 12, 27, 2841-2867 (2014), https://doi.org/10.1088/0951-
7715/27/12/2841



Background reading

J. Liu, J. Huang, T. Su, K. Bertoldi, and D. R. Clarke. Structural transition from helices to
hemihelices. PLoS ONE 9, 4, €93183 (2014), https://doi.org/10.1371/journal.pone.0093183

P. Ciarletta and M. Destrade. Torsion instability of soft solid cylinders. IMA J. Appl. Math. 79,
804-819 (2014), arXiv:2009.09790 [cond-mat.soft], https://doi.org/10.1093/imamat/hxt052

D. Roundy and M. Rogers. Exploring the thermodynamics of a rubber band. Am. J. Phys. 1, 81,
20-23 (2013), https://doi.org/10.1119/1.4757908

T. Shearer, |. D. Abrahams, W. J. Parnell, and C. H. Daros. Torsional wave propagation in a pre-
stressed hyperelastic annular circular cylinder. Q. J. Mech. Appl. Math. 66, 4, 465-487 (2013),
https://doi.org/10.1093/gjmam/hbt014

C. A. Triana and F. Fajardo. Dependence of some mechanical properties of elastic bands on the
length and load time. Eur. J. Phys. 33, 4, 771-784 (2012), https://doi.org/10.1088/0143-
0807/33/4/771, https://web.archive.org/web/20170808001326/https://www.rose-
hulman.edu/~moloney/Ph425/0143-0807 33 4 771RubberBands.pdf

H. J. Schlichting and W. Suhr. The buzzer—a novel physical perspective on a classical toy. Eur. |.
Phys. 31, 3, 501-510 (2010), https://doi.org/10.1088/0143-0807/31/3/007,
https://web.archive.org/web/20170809212717/https://www.rose-
hulman.edu/~moloney/Ph425/ProjectPDFs/0143-0807 31 3 007 _buzzer toy.pdf

J. Diani, B. Fayolle, and P. Gilormini. A review on the Mullins effect. Eur. Polymer J. 45, 3, 601-
612 (2009), https://doi.org/10.1016/j.eurpolym].2008.11.017, https://hal.science/hal-
00773015v1/document




Background reading

R. Vermorel, N. Vandenberghe, and E. Villermaux. Rubber band recoil. Proc. R. Soc. A 463, 2079,
641-658 (2006), https://doi.org/10.1098/rspa.2006.1781,
https://core.ac.uk/download/pdf/52470537.pdf

V. G. A. Goss, G. H. M. van der Heijden, J. M. T. Thompson, and S. Neukirch. Experiments on
snap buckling, hysteresis and loop formation in twisted rods. Exp. Mech. 45, 101-111 (2005),
https://doi.org/10.1177/0014485105052318,
http://www.Imm.jussieu.fr/~neukirch/articles/goss_experiments _snap_buckling_and loop_forma
tion_in_twisted rods ExpMech 2005.pdf

P. Kozi¢ and R. Pavlovié¢. Stochastic stability of torsion oscillations in moving thin elastic bands.
J. Sound Vib. 3-5, 274, 1103-1109 (2004), https://doi.org/10.1016/j.jsv.2003.09.041

N. Pan and D. Brookstein. Physical properties of twisted structures. Il. Industrial yarns, cords,
and ropes. J. Appl. Polymer Sci. 83, 610-630 (2002), https://doi.org/10.1002/app.2261,
http://ningpan.net/Publications/51-100/72.pdf

J. Pellicer, ). A. Manzanares, J. ZUfiiga, and P. Utrillas. Thermodynamics of rubber elasticity. J.
Chem. Educ. 78, 2, 263 (2001), https://doi.org/10.1021/ed078p263

S. Przybyl and P. Pieranski. Helical close packings of ideal ropes. Eur. Phys. |. E 4, 4, 445-449
(2001), https://doi.org/10.1007/s101890170099, arXiv:physics/0101080 [physics.comp-ph]

R. W. Ogden and D. G. Roxburgh. A pseudo-elastic model for the Mullins effect in filled rubber.
Proc. R. Soc. Lond. A 455, 1988, 2861-2877 (1999), https://doi.org/10.1098/rspa.1999.0431



Background reading

A. Goriely and M. Tabor. Nonlinear dynamics of filaments. IV Spontaneous looping of twisted
elastic rods. Proc. R. Soc. Lond. A 454, 3183-3202 (1998),
https://doi.org/10.1098/rspa.1998.0297

P. G. Santangelo and C. M. Roland. Chain ends and the Mullins effect in rubber. Rubber Chem.
Technol. 65, 5, 965-972 (1992), https://www.doi.org/10.5254/1.3538654

G. Savarino and M. R. Fisch. A general physics laboratory investigation of the thermodynamics
of a rubber band. Am. J. Phys. 59, 2, 141-145 (1991), https://doi.org/10.1119/1.16594

T. D. Rossing and D. A. Russell. Laboratory observation of elastic waves in solids. Am. J. Phys.
12, 58, 1153-1162 (1990), https://doi.org/10.1119/1.16245

C. M. Roland. The Mullins effect in crosslinked rubber. J. Rheology 33, 4, 659-670 (1989),
https://doi.org/10.1122/1.550032

R. T. Deam and S. F. Edwards. The theory of rubber elasticity. Phil. Trans. R. Soc. Lon. A 280,
1296, 317-353 (1976), https://doi.org/10.1098/rsta.1976.0001

L. Mullins. Effect of stretching on the properties of rubber. Rubber Chem. Technol. 21, 2, 281-
300 (1948), https://www.doi.org/10.5254/1.3546914

R. S. Rivlin. Torsion of a rubber cylinder. J. Appl. Phys. 18, 444-449 (1947),
https://doi.org/10.1063/1.1697674

W. B. Wiegand and J. W. Snyder. The rubber pendulum, the Joule effect, and the dynamic stress-
strain curve. Rubber Chem. Tech. 8, 2, 151-173 (1935), https://www.doi.org/10.5254/1.3539424



Background reading

= Wave Speed on a Rubber Band (Seth Stein, Earth and Planetary Sciences Dept., Northwestern
Univ.), https://sites.northwestern.edu/sethstein/a-small-is-beautiful-approach-to-upgrading-a-
beginning-geophysics-course/wave-speed-on-a-rubber-band/

= How Much Energy Can You Store in a Rubber Band? (Rhett Allain, wired.com, MAR 23, 2018),
https://www.wired.com/story/how-much-energy-can-you-store-in-a-rubber-band/

= Do Rubber Bands Act Like Springs? (Rhett Allain, wired.com, AUG 8, 2012),
https://www.wired.com/2012/08/do-rubber-bands-act-like-springs/

= Stretching a Rubber Band (schoolphysics.co.uk), http://www.schoolphysics.co.uk/age14-
16/Matter/text/Rubber_band/index.html

= R.E. Hobbs, M. S. Overington, J. W. S. Hearle, and S. J. Banfield. Buckling of fibres and yarns
within ropes and other fibre assemblies (tensiontech.com),
https://web.archive.org/web/20240219050523/https://www.tensiontech.com/ app_/resources/d
ocuments/www.tensiontech.com/buckling fibres _yarns.pdf

= L. R. G. Treloar. The physics of rubber elasticity (Oxford University Press, 1975)

= A N. Gent. 1 - Rubber Elasticity: Basic Concepts and Behavior. In: Science and Technology of
Rubber (eds J. E. Mark, B. Erman, F. R. Eirich, second edition, Academic Press, 1994), pp. 1-22

= Hysteresis and Rubber Bands (madphysics.com),
https://web.archive.org/web/20060524013139/http://www.madphysics.com/exp/hysteresis_and
_rubber_bands.htm




Problem No. 6 “Flipo Flip”

A Flipo Flip toy can roll for multiple turns even though its shape is not circular.
Investigate how its motion depends on parameters such as geometry and the initial
release conditions.




Background reading

= This Square Can Roll Like a Ball (youtube, The Action Lab, 30.08.2020),
https://youtu.be/eZMOWtB3UX8

= Steinmetz Solid: The Bicylinder (youtube, Lavell Robinson, 21.10.2019),
https://youtu.be/3 JYAIG4vKO

= Incredible Rolling Objects which aren't Spheres! (youtube, Maker's Muse, 26.08.2018),
https://youtu.be/fRqwYsfiME8

= Wikipedia: Steinmetz solid, https://en.wikipedia.org/wiki/Steinmetz_solid

= Wikipedia: Gomboc, https://en.wikipedia.org/wiki/G%C3%B6mb%C3%B6¢

= A Rosen. Modified Lagrange method to analyze problems of sliding and rolling. J. Appl. Mech.
4,67, 697-704 (2000), https://doi.org/10.1115/1.1328088

= D. Ma, C. Liu, Z. Zhao, and H. Zhang. Rolling friction and energy dissipation in a spinning disc.
Proc. R. Soc. A. 2169, 470, 20140191 (2014), https://doi.org/10.1098/rspa.2014.0191

= D. Baraff. Coping with friction for non-penetrating rigid body simulation. SIGGRAPH Comput.
Graph. 4, 25, 31-41 (1991), https://doi.org/10.1145/127719.122722

= Master the motion to send flipoflip® into a dance (flipoflip.com),
https://web.archive.org/web/20230401094912/https://flipoflip.com/pages/instructions

= Get creative and explore new tricks (flipoflip.com),
https://web.archive.org/web/20230401102559/https://flipoflip.com/pages/tricks




Background reading

= M. Muhammed Arif. The polygon model of rolling friction. Int. J. Emerg. Eng. Res. Techn. 2, 6,
158-162 (2014), https://web.archive.org/web/20200719041900/http://www.ijeert.org/pdf/v2-
16/21.pdf

= Non-Round Rollers (exploratorium.edu), https://www.exploratorium.edu/snacks/non-round-
rollers

= The Bicylinder: Steinmetz Solid With a 2 Way Restricted Rolling Path. (adenda2,
instructables.com), https://www.instructables.com/The-Bicylinder-Steinmetz-Solid-With-a-2-Way-
Restri/




Problem No. 7 “Tennis racket theorem”

When an object with different principal moments of inertia about each axis is thrown
while it rotates, it can suddenly start rotating around an axis different from the one it
was initially rotating about. Investigate how the rotational motion of such an object is

affected by relevant parameters during its free fall.




Background reading

® Slow Motion 3dhpekT OKaHnbekoBa #slowmo #Shorts Urops benewkuin (youtube, Uropb
Beneukun (investigator), 23.10.2024), https://www.youtube.com/shorts/RnCBB1VqZFA
dhdekT OxxaHnbekosa (youtube, GetAClass - dn3unka B onblTax U IKCNEPUMEHTAX,
19.12.2023), https://youtu.be/iDTi7YrHxZA

Ellipsoids and The Bizarre Behaviour of Rotating Bodies (youtube, Stand-up Maths,
24.07.2020), https://youtu.be/I51LcwHOW7s

ddhdekT OxxaHnbekosa [Veritasium] (youtube, Vert Dider, 25.09.2019), https://youtu.be/N9HIQ-
XVnFk

The Bizarre Behavior of Rotating Bodies (youtube, Veritasium, 19.09.2019),
https://youtu.be/1VPfZ_XzisU

HEMPELCKA3YEMbIW KyBbIPOK KHUM M BOKPYT ocu uim 3chekT OxaHubekosa (youtube, | V A
N, 13.06.2019), https://youtu.be/4j8f4rFlgk4

TeopeMa nNpoMexxyTo4HoW ocu («3dhdekT» xaHnbekosa) (youtube, AHApen KywiHapeHKo,
12.04.2018), https://youtu.be/W3tcBakUeH4

Dzhanibekov effect (agpchekT OxaHnbekosa ) (youtube, Arkadiusz Jadczyk, 25.10.2016),
https://youtu.be/ye-ONo-RixA

ekt OxaHnbekosa (youtube, Victor Ivchenko, 07.09.2011),
https://www.youtube.com/shorts/-kybAINt6HM

SdhdekT OxaHnbekosa (youtube, Bayecnas Me3seHues, 07.09.2011),
https://youtu.be/VHNvzXy-lgs



Background reading

NeMoHcTpauma apdekTa JxaHnbekosa B gomallHUX ycnosusx (youtube, Alexei Kopylov,
01.06.2011), https://youtu.be/3VwS5ykAUHI

"pdekT OxaHnbekosa". Mogens 8 MSC.ADAMS. (youtube, MechanicsSSAU, 10.05.2011),
https://youtu.be/LR5hkgfRPno

ShdekT OxaHnbekosa The Effect Dzhanibekova (youtube, zapadlovsky, 16.06.2010),
https://youtu.be/L209eBl_Gzw

Tennis Racket Theorem (youtube, Dan Russell, 05.03.2010), https://youtu.be/4dqCQql-Gis
oxaHnbekos (youtube, yavideleto, 19.02.2010), https://youtu.be/dL6Pt10 gSE

Richard Garriott Space Video Blog: Rotational Inertia (youtube, Challenger Center, 11.03.2009),
https://youtu.be/fPI-rSwWAQNg

Dancing T-handle in zero-g, HD (youtube, Plasma Ben, 03.03.2009), https://youtu.be/1n-
HMSCDYtM
Wikipedia: Tennis racket theorem, https://en.wikipedia.org/wiki/Tennis_racket theorem

A. A. Deriglazov. An asymmetrical body: Example of analytical solution for the rotation matrix in
elementary functions and Dzhanibekov effect. Commun. Nonlinear Sci. Numer. Simul. 138,
108257 (2024), https://doi.org/10.1016/j.cnsns.2024.108257

J. de la Torre and P. Espanol. Internal dissipation in the Dzhanibekov effect. Eur. J. Mech. A/Solids
106, 105298 (2024), https://doi.org/10.1016/j.euromechsol.2024.105298
C. Peterson and W. Schwalm. Euler's rigid rotators, Jacobi elliptic functions, and the

Dzhanibekov or tennis racket effect. Am. J. Phys. 89, 4, 349-357 (2021),
https://doi.org/10.1119/10.0003372



Background reading

M. S. Ashbaugh, C. C. Chicone, and R. H. Cushman. The twisting tennis racket. J. Dyn. Differ.
Equ. 3, 1, 67-85 (1991), https://doi.org/10.1007/BF01049489

S. J. Colley. The tumbling box. Am. Math. Month. 94, 1, 62-68 (1987),
https://doi.org/10.1080/00029890.1987.12000595

H. Brody. The moment of inertia of a tennis racket. Phys. Teach. 23, 4, 213-216 (1985),
https://doi.org/10.1119/1.2341781

N. Trivisonno, L. Garelli, and M. Storti. The Tennis Racket Theorem, an analysis and numerical
simulation of the Intermediate Axis Theorem. Mecanica Computacional XXXVIII, 34, 1341-1353
(2021), http://venus.ceride.gov.ar/ojs/index.php/mc/article/view/6244

C. P. KpaBuos, A. 1. PoanoHos u I'. H. Cbipeukuin. 1ns npenogasaTtenen n ysmutenen ob
apekTe OxaHnbekoBa. Ka3zHayeeBcKume 4yTeHnsa Ne 4 (BocnntaHne n obyyeHune B
COBPEMEHHOM 00LLeCcTBe: akTyaslbHble aCNeKTbl Teopun 1 NpakTmkK): CO. Hayu. Tp.
YY4aCTHUKOB 7 MeXAyHap. Hayy.-MpakT. KoHd., HoBocnbupck, 28-29.11.2018 r. - HoBocnbupck
; buinck : MCA (3CO0), 2018. - C. 74-80, https://no-pani.ru/chlenstvo/rodionov_raboty/44.PDF

L. Poinsot. Théorie nouvelle de la rotation des corps (Paris, Bachelier, 1851),
https://math.dartmouth.edu/~doyle/docs/poinsot/poinsot1851.pdf

The "Dzhanibekov effect" - an exercise in mechanics or fiction? Explain mathematically a video
from a space station (mathoverflow.net, Nov 26, 2011),
https://mathoverflow.net/questions/81960/the-dzhanibekov-effect-an-exercise-in-mechanics-or-
fiction-explain-mathemat



Problem No. 8 “Magnetic accelerator”

Fix magnets in pairs onto a metal sheet as shown. If you attach two magnetic discs
onto an axle this "vehicle" will accelerate over the rows of magnets under certain

conditions. Investigate the phenomenon.




Background reading

= So powerful magnetic accelerator@®#magnetic #magnet #shorts #amazing #shortsfeed
#shots (youtube, Crazy Shorts, 03.12.2024), https://youtube.com/shorts/BgEzv3Z41yc

= 3 Amazing Magnetic Accelerators | Magnetic Games (youtube, Magnetic Games, 30.10.2021),
https://youtu.be/iyv9GhalTNE

= Magnetic Accelerators | Magnetic Games (youtube, Magnetic Games, 07.11.2020),
https://youtu.be/fdoLXChl) 4

= Wikipedia: Force between magnets, https://en.wikipedia.org/wiki/Force_between _magnets
=  Wikipedia: Magnetic dipole, https://en.wikipedia.org/wiki/Magnetic_dipole

= Wikipedia: Magnetization, https://en.wikipedia.org/wiki/Magnetization

=  Wikipedia: Neodymium magnet, https://en.wikipedia.org/wiki/Neodymium_magnet

= Wikipedia: Magnetic gear, https://en.wikipedia.org/wiki/Magnetic_gear




Problem No. 9 “Levitation control”

When arranged in a specific configuration, small graphite sheets can levitate on
neodymium magnets. By shining light onto the surface of the graphite sheet, it is
possible to control its movement. Explain and investigate the phenomenon.




Background reading

Graphite levitation, magnets, laser and ultrasound (youtube, William Fraser, 24.06.2024),
https://youtu.be/gzS4DRmWPY4

Magnetic levitation of pyrolytic graphite - EN (youtube, The Weird Lab, 01.01.2021),
https://youtu.be/s4U38YCHjmO

Pyrolytic graphite (youtube, MEL Science, 28.03.2019), https://youtu.be/Wk3seHNmMNs8

Laser Motion Control of Levitating Graphite | Magnetic Games (youtube, Magnetic Games,
25.01.2017), https://youtu.be/cJx5rAuXIXQ

Cut Graphite for Magnetic Levitation Experiments | Magnetic Games (youtube, Magnetic
Games, 17.12.2016), https://youtu.be/rjBczjGQsdc

Multi Magnetic Levitation | Magnetic Games (youtube, Magnetic Games, 15.08.2016),
https://youtu.be/LLIIYtnDups

Diamagnetic Levitation With Pyrolytic Graphite & Rare Earth Magnets (youtube, ApexMagnets,
16.06.2016), https://youtu.be/l 1nozBje-8

Worlds first One Magnet Levitation with Pyrolytic Graphite (youtube, AVA Magnetic Levitation,
11.05.2016), https://youtu.be/kb9vkLIPx4k

Diamagnetic Levitation with Pyrolytic Graphite - $20 How-To (youtube, Kevin Patterson (Kevin H.
Patterson), 27.06.2014), https://youtu.be/TID12Q0Obooc

Diamagnetic Levitation - Science Experiment (youtube, CrazyRussianHacker, 28.01.2014),
https://youtu.be/INg98gMFu2s

Optical Motion Control of Maglev Graphite (youtube, Jiro Abe, 19.12.2012),
https://youtu.be/AJ7fMVp_0O5s



Background reading

Levitate a Piece of Graphite on Magnets - $10 Project (youtube, Forrest Trenaman, 22.09.2012),
https://youtu.be/bUUua3nSJtE

K& Magnetics - Pyrolytic Graphite (youtube, K& Magnetics, 31.08.2011),
https://youtu.be/eU1gWBaKdDc

J. B. Rodriguez, Q. Fan, Y. Yin, and C. J. Bardeen. Laser control of graphite plate tilting on a
magnet surface. J. Appl. Phys. 135, 15, 155103 (2024), https://doi.org/10.1063/5.0200637

M. Kobayashi and J. Abe. Optical motion control of maglev graphite. J. Am. Chem. Soc. 134, 51,
20593-20596 (2012), https://doi.org/10.1021/ja310365k

G. Reis. Thermal influence on the diamagnetic properties of pyrolytic graphite: Applications in
space and high speed transportation (fenix.tecnico.ulisboa.pt, April 2016),
https://fenix.tecnico.ulisboa.pt/downloadFile/281870113702877/Extended%20Abstract.pdf

Graphite surfer: Paper racer flies over magnetic tracks (Mirko Pafundi, supermagnete.ro,
01/02/2016), https://www.supermagnete.ro/Magnet-applications/Graphite-surfer

Levitating pyrolytic graphite (S. Q. Field, scitoys.com, Dec 2, 2014),
https://scitoys.com/scitoys/scitoys/magnets/pyrolytic_graphite.html, https://instructional-
resources.physics.uiowa.edu/sites/instructional-
resources.physics.uiowa.edu/files/field/demos/documents/5930.55%20-

%20Chapter%201 %20Magnetism.pdf

Diamagnetic levitation of pyrolitic graphite over a single magnet achieved (phys.org, Institution
of Engineering and Technology, AUG 28, 2014), https://phys.org/news/2014-08-diamagnetic-
levitation-pyrolitic-graphite-magnet.htmi



Background reading

= Magnetically levitating graphite can be moved with laser (phys.org, admin_andrey, Dec 27,
2012), https://phys.org/news/2012-12-magnetically-levitating-graphite-laser.html

= Laser Motion Control of Levitating Graphite (Magnetic Games, instructables.com),
https://www.instructables.com/Laser-Motion-Control-of-Levitating-Graphite/

= Multi Magnetic Levitation (Magnetic Games, instructables.com),
https://www.instructables.com/Multi-Magnetic-Levitation/

= Diamagnetism and Levitation (kjmagnetics.com),
https://www.kjmagnetics.com/blog/diamagnetic-levitation

= J.C.T. Kai, K. G. K. Ming, C. S. Enqgi, and W. W. Hsiung. Passive Maglev: An investigation on
diamagnetic levitation of graphite sheets (dsta.gov.sg),
https://www.dsta.gov.sg/staticfile/ydsp/projects/files/reports/Report%20-
%20An%20Investigation%200n%20Diamagnetic%20Levitation%200f%20Graphite%20Sheets.p
df

= Pyrolytic graphite: Magnetic levitation using pyrolytic graphite (melscience.com),
https://melscience.com/US-en/articles/pyrolytic-graphite/

= Diamagnetic Levitation (M. Simon, physics.ucla.edu),
https://www.physics.ucla.edu/marty/diamag/




Problem No. 10 “Submerged crater”

If you release sand or similar granular material in a container filled with water, the
material will sink to the bottom and may form a crater-like structure. Explain and
investigate the phenomenon.




Background reading

MogBoaHbIN KpaTep (youtube, HMknTa YepHukos, 08.07.2025),
https://youtube.com/shorts/qAPgEtucVPo

R. Krechetnikov and A. Zelnikov. Physics of a granular pile. Phys.Rev.E 111, 5, 055408 (2025),
https://doi.org/10.1103/PhysRevE.111.055408, arXiv:2405.10958 [cond-mat.soft]

T. Kempe and J. Frohlich. Collision modelling for the interface-resolved simulation of spherical
particles in viscous fluids. J. Fluid Mech. 709, 445-489 (2012),
https://doi.org/10.1017/jfm.2012.343

P. T. Metzger, R. C. Latta lll, J. M. Schuler, and C. D. Immer. Craters formed in granular beds by
impinging jets of gas. AIP Conf. Proc. 1145, 1, 767-770 (2009),
https://doi.org/10.1063/1.3180041, arXiv:0905.4851 [cond-mat.soft]

A. M. Ardekani, S. Dabiri, and R. H. Rangel. Collision of multi-particle and general shape objects
in a viscous fluid. J. Comput. Phys. 227, 24, 10094-10107 (2008),
https://doi.org/10.1016/j.jcp.2008.08.014

N. Lukerchenko, Y. Kvurt, Z. Chara, and P. Vlasak. Collision of a rotating spherical particle with
flat wall in liquid (Proc. 18th Int. Conf. ENGINEERING MECHANICS 2012, Svratka, Czech
Republic, May 14-17, 2012), pp. 835-841,
https://engmech.cz/2012/proceedings/pdf/306_Lukerchenko N-FT.pdf

J. Einarsson. Orientational dynamics of small non-spherical particles in fluid flows (Univ. of
Gothenburg, 2013),
https://gupea.ub.gu.se/bitstream/handle/2077/34320/gupea 2077 34320 2.pdf



Background reading

= R. M. Valladares, P. Goldstein, C. Stern, and A. Calles. Simulation of the motion of a sphere
through a viscous fluid. Rev. mex. fis. 49, 2, 166-174 (2003),
https://www.scielo.org.mx/pdf/rmf/v49n2/v49n2a9.pdf




Problem No. 11 “Sweet monochromator”

Pass linearly polarised white light through a column of sugar solution. When
transmitted light is observed through a polariser it may appear coloured. Rotate the
polariser, and the transmitted light colour may change. Construct such a sweet
monochromator and optimise for the narrowest light wavelength bandwidth.



Background reading

This tests your understanding of light | The barber pole effect (youtube, 3BluelBrown,
01.09.2023), https://youtu.be/QCX62Y|CmGk

How wiggling charges give rise to light (youtube, 3BluelBrown, 01.09.2023),
https://youtu.be/aXRTczANuls

How Sugar Twists Light into a Rainbow (youtube, STEM Initiative, 19.06.2022),
https://youtu.be/Q4terhrQsF8

Why Sugar Always Twists Light To The Right - Optical Rotation (youtube, Steve Mould,
16.07.2020), https://youtu.be/975r9a7FMqc

Optical rotation of sugars - chirality (youtube, Royal Society Of Chemistry, 16.12.2011),
https://youtu.be/GchTURvVBz68

Wikipedia: Optical rotation, https://en.wikipedia.org/wiki/Optical rotation
Wikipedia: Polarization (waves), https://en.wikipedia.org/wiki/Polarization_(waves)
Wikipedia: Chirality (chemistry), https://en.wikipedia.org/wiki/Chirality (chemistry)

N. Hagen and T. Tadokoro. The rainbow beam experiment: Direct visualization of dipole
scattering and optical rotatory dispersion. Proc. SPIE Optical Engineering + Applications Vol.
11132: Polarization Science and Remote Sensing IX, 111320E (2019),
https://doi.org/10.1117/12.2526479

M. Nixon and I. G. Hughes. A visual understanding of optical rotation using corn syrup. Eur. J.
Phys. 38, 4, 045302 (2017), https://doi.org/10.1088/1361-6404/aa6alb



Background reading

A. Penzkofer. Optical rotatory dispersion measurement of D-glucose with fixed polarizer
analyzer accessory in conventional spectrophotometer. J. Anal. Sci. Meth. Instrum. 3, 4, 234-
239 (2013), http://doi.org/10.4236/jasmi.2013.34030

G. Ropars, A. Le Floch, J. Enoch, and V. Lakshminarayanan. Direct naked-eye detection of chiral
and Faraday effects in white light. Europhys. Lett. 97, 6, 64002 (2012),
https://doi.org/10.1209/0295-5075/97/64002

R. N. Compton, S. M. Mahurin, and R. N. Zare. Demonstration of optical rotatory dispersion of
sucrose. J. Chem. Educ. 76, 9, 1234-1236 (1999), https://doi.org/10.1021/ed076p1234

H. Taouk. Optical wave propagation in active media: Gyrotropic-gyrochiral media. ). Opt. Soc.
Am. A 14, 8, 2006-2012 (1997), https://doi.org/10.1364/JOSAA.14.002006



Problem No. 12 “Autumn coin”

The motion of a coin falling to the bottom of a tank filled with liquid can be remarkably
similar to the fluttering and tumbling of a falling autumn leaf. Investigate how the
motion of the coin depends on relevant parameters.




Background reading

Autumn coin (youtube, HukuTa YepHukos, 06.07.2025), https://youtu.be/EW6tA00SZL8

Autumn coin - top (YouTube, Hnknta YepHukos, 06.07.2025),
https://youtube.com/shorts/ItA7Z667tYc

Coins Dropped Into Crystal Clear Water: A View From The Bottom As The Coins Sink. Ogemaw
Springs, MI (youtube, Chosen Won, 01.02.2021), https://youtu.be/jx0acGK7NC8

Wikipedia: Angle of attack, https://en.wikipedia.org/wiki/Angle of attack

Wikipedia: Froude number, https://en.wikipedia.org/wiki/Froude _number

Wikipedia: Free fall, https://en.wikipedia.org/wiki/Free_fall

Wikipedia: Drag, https://en.wikipedia.org/wiki/Drag_(physics)

A. Tinklenberg, M. Guala, and F. Coletti. Thin disks falling in air. J. Fluid Mech. 962, A3 (2023),
https://doi.org/10.1017/jfm.2023.209

Y. Kubota and O. Mochizuki. Numerical investigation of aerodynamic characteristics by a
rotating thin plate. World J. Mech. 5, 3, 42-47 (2015), https://doi.org/10.4236/wjm.2015.53005
S. P. Kuznetsov. Plate falling in a fluid: Regular and chaotic dynamics of finite-dimensional
models. Regul. Chaot. Dyn. 20, 345-382, (2015), https://doi.org/10.1134/5S1560354715030090

L. Heisinger, P. Newton, and E. Kanso. Coins falling in water. J. Fluid Mech. 742, 243-253 (2014),
https://doi.org/10.1017/jfm.2014.6

D. M. Hargreaves, B. Kakimpa, and J. S. Owen. The computational fluid dynamics modelling of
the autorotation of square, flat plates. J. Fluids Struct. 46, 111-133 (2014),
https://doi.org/10.1016/j.jfluidstructs.2013.12.006



Background reading

S. Michelin and S. G. Llewellyn Smith. Falling cards and flapping flags: understanding fluid-solid
interactions using an unsteady point vortex model. Theor. Comput. Fluid Dyn. 24, 1-4, 195-200
(2010), https://doi.org/10.1007/s00162-009-0117-6

C. Eloy, R. Lagrange, C. Soutilliez, and L. Schouveiler. Aeroelastic instability of cantilevered
flexible plates in uniform flow. J. Fluid Mech. 611, 97-106 (2008),
https://doi.org/10.1017/5S002211200800284X,
https://www.irphe.fr/~eloy/assets/pdf/FastTrack2008.pdf, arXiv:0804.0774 [physics.flu-dyn]

A. V. Borisov, V. V. Kozlov, and I. S. Mamaev. Asymptotic stability and associated problems of
dynamics of falling rigid body. Regul. Chaot. Dyn. 12, 5, 531-565 (2007),
https://doi.org/10.1134/5S1560354707050061

D. Vella, D.-G. Lee and H.-Y. Kim. Sinking of a horizontal cylinder. Langmuir 22, 7, 2972-2974
(2000), https://doi.org/10.1021/la0533260

A. Andersen, U. Pesavento, and Z. J. Wang. Unsteady aerodynamics of fluttering and tumbling
plates. J. Fluid Mech. 541, 1, 65-90 (2005), https://doi.org/10.1017/5002211200500594X,
https://dragonfly.tam.cornell.edu/publications/S002211200500594 Xa.pdf

A. Andersen, U. Pesavento, and Z. J. Wang. Analysis of transitions between fluttering, tumbling
and steady descent of falling cards. J. Fluid Mech. 541, 1, 91-104 (2005),
https://doi.org/10.1017/50022112005005847,
https://dragonfly.tam.cornell.edu/publications/S0022112005005847a.pdf

M. A. Jones and M. J. Shelley. Falling cards. J. Fluid Mech. 540, 393-425 (2005),
https://doi.org/10.1017/S0022112005005859



Background reading

U. Pesavento and Z. J. Wang. Falling paper: Navier-Stokes solutions, model of fluid forces, and
center of mass elevation. Phys. Rev. Lett. 93, 14, 144501 (2004),
https://doi.org/10.1103/PhysRevLett.93.144501

L. Mahadevan, W. S. Ryu, and A. D. T. Samuel. Tumbling cards. Phys. Fluids 11, 1, 1-3 (1999),
https://doi.org/10.1063/1.869919

A. Belmonte, H. Eisenberg, and E. Moses. From flutter to tumble: Inertial drag and Froude
similarity in falling paper. Phys. Rev. Lett. 81, 2, 345-348 (1998),
https://doi.org/10.1103/PhysRevLett.81.345

S. B. Field, M. Klaus, M. G. Moore, and F. Nori. Chaotic dynamics of falling disks. Nature 388,
252-254 (1997), https://doi.org/10.1038/40817,
https://public.websites.umich.edu/~nori/disks/long.pdf

Y. Tanabe and K. Kaneko. Behavior of a falling paper. Phys. Rev. Lett. 73, 10, 1372-1375 (1994),
https://doi.org/10.1103/PhysRevLett.73.1372

W. W. Willmarth, N. E. Hawk, and R. L. Harvey. Steady and unsteady motions and wakes of
freely falling disks. Phys. Fluids 7, 2, 197-208 (1964), https://doi.org/10.1063/1.1711133

N. Kamaruddin, J. Potts, and W. Crowther. Aerodynamic performance of flying discs. Aircr. Eng.
Aerosp. Technol. 90, 2, 390-397 (2018), https://shura.shu.ac.uk/14521/1/Potts%20-
%20Aerodynamic%20Performance%200f%20Flying%20Discs%20-%20%28AM%29.pdf

D. L. Flynn. Falling paper and flying business cards. SIAM News 40, 4 (2007),
https://web.archive.org/web/20140602214301/https://www.siam.org/pdf/news/1123.pdf

L. Mahadevan. Tumbling of a falling card. C. R. Acad. Sci. Paris llb, 323, 729-736 (1996)



Background reading

J. C. Maxwell. On a particular case of the descent of a heavy body in a resisting medium. Camb.
Dublin Math. J. IX, 145-148 (1854)

J. R. Chasnov. Flow Around a Cylinder (The Hong Kong Univ. of Sci. and Techn., Feb 2022),
https://www.math.hkust.edu.hk/~machas/flow-around-a-cylinder.pdf

P. Martin. Falling leaves simulation (dspace.cvut.cz, 2022),

https://dspace.cvut.cz/bitstream/handle/10467/101330/F3-DP-2022-Pazout-Martin-
Master Thesis.pdf

N. M. Kamaruddin. Dynamics and performance of flying discs (PhD thesis, Univ. of Manchester,
2011), https://www.escholar.manchester.ac.uk/api/datastream?publicationPid=uk-ac-
manscw:132975&datastreamId=FULL-TEXT.PDF

U. Pesavento. Unsteady aerodynamics of falling plates (PhD thesis, Cornell Univ., 2006),
https://ecommons.cornell.edu/items/06483654-e7b8-4900-8922-42bc3b6c7bfa

Strange turn of a rotating playing card when | throw it (JakubKivi, physicsforums.com, Feb 23,
2020), https://www.physicsforums.com/threads/strange-turn-of-a-rotating-playing-card-when-
ithrow-it.984704/

The Physics of Falling Leaves (S. Schreier, October 19, 2019),
https://colgatephysl11.blogspot.com/2019/10/v-behaviorurldefaultvmlo.html

Is a falling leaf an example of a chaotic system? (physics.stackexchange.com, May 7, 2016),

https://physics.stackexchange.com/questions/254545/is-a-falling-leaf-an-example-of-a-chaotic-
system




Background reading

= Anthony Scodary. The Aerodynamics and Stability of Flying Discs (large.stanford.edu, October
30, 2007), http://large.stanford.edu/courses/2007/ph210/scodaryl/

= Aerodynamics: Mathematically Modeling the Flight of an Object (spartan711,
physicsforums.com, Sep 1, 2007),

https://www.physicsforums.com/threads/aerodynamicsmathematically-modeling-the-flight-of-
an-object.182550/

=  Flutter and tumble in fluids (Elisha Moses, Andrew Behnonte, physicsworld.com, 01 Apr 1999),
https://physicsworld.com/a/flutter-and-tumble-in-fluids/

= A. C. Bustamante. Free-fall rotation and aerodynamic motion of rectangular plates (Sandia
Laboratories, 1968), https://apps.dtic.mil/sti/tr/pdf/ADA395124.pdf

= Flow around a disk (or an infinite cylinder) (Luc Jaouen, apmr.matelys.com),
https://apmr.matelys.com/BasicsMechanics/Fluid/FlowAroundADisk.html




Problem No. 13 “The singing ruler”

When a ruler is clamped at one end and struck, it oscillates and emits a characteristic
sound. Investigate how the sound depends on relevant parameters.




Background reading

The singing ruler (YouTube, HuknTa YepHukos, 08.07.2025), https://youtu.be/vOdLL8ybKLw

PET Ruler Vibrations (YouTube, PET Physics and Everyday Thinking - HS, 23.07.2015),
https://youtu.be/4SpSwTvbZI4

R. M. Digilov and H. Abramovich. Flexural vibration test of a beam elastically restrained at one
end: A new approach for Young’s modulus determination. Adv. Mater. Sci. Eng. 2013, 329530,
1-6 (2013), https://doi.org/10.1155/2013/329530

M. Zainulabidin and N. Jaini. Vibration analysis of a beam structure attached with a dynamic
vibration absorber. Appl. Mech. Materials 315-319 (2013),
https://doi.org/10.4028/www.scientific.net/AMM.315.315

J.-J. Wu and A. R. Whittaker. The natural frequencies and mode shapes of a uniform cantilever
beam with multiple two-DOF spring mass systems. J. Sound Vib. 227, 2, 361-381 (1999),
https://doi.org/10.1006/jsvi.1999.2324

M. Aramaki, H. Bailleres, L. Brancheriau, R. Kronland-Martinet, and S. Ystad. Sound quality
assessment of wood for xylophone bars. J. Acoust. Soc. Am. 121, 4, 2407-2420 (2007),
https://doi.org/10.1121/1.2697154

R. Selfridge, M. Andreasson, L. Bengtsson, B. V. Kristjansson, E. Lindborg, M. Rydén, H. E. Tez,
and J. D. Reiss. Twang! A physically derived synthesis model for the sound of a vibrating bar
(Audio Engineering Society 152nd Convention Paper 10553, May 2022),
https://eecs.gmul.ac.uk/~josh/documents/2022/Selfridge%20AES152.pdf



Background reading

D. Q. Wang, C. J. Wu, and R. C. Yang. Free vibration of the damping beam using co-simulation
method based on the MFT. Int. J. Acoust. Vib. 20, 4, 251-257 (2015),
https://www.iiav.org/ijav/content/volumes/20 2015 1570691426853784/vol 4/810 fullpaper 15
1111450098865.pdf

J. P. Chopade and R. B. Barjibhe. Free vibration analysis of fixed free beam with theoretical and
numerical approach method. Int. J. Innov. Engin. Techn. (IJIET) 2, 1, 352-356 (2013),
https://ijiet.com/wp-content/uploads/2013/02/53.pdf

C. Brum Medeiros and M. Wanderley. Evaluation of sensor technologies for the rulers, a
kalimba-like digital musical instrument (McGill Univ., 2011),
https://www.researchgate.net/publication/266608335 Evaluation_of sensor technologies for th
e _rulers_a_kalimba-like_digital musical_instrument

S. B. Coskun, M. T. Atay, and B. Oztiirk. Transverse vibration analysis of Euler-Bernoulli beams
using analytical approximate techniques. In: Advances in Vibration Analysis Research (Ed.
Farzad Ebrahimi, intechopen.com, 2011), https://doi.org/10.5772/15891

Oscillations of a Ruler: Equation, Explanation & Answers (thebosonbreaker, physicsforums.com,
Feb 28, 2016), https://www.physicsforums.com/threads/oscillations-of-a-ruler-equation-
explanation-answers.859699/

T. Beleandez, C. Neipp, and A. Belea Ndez. Numerical and experimental analysis of a cantilever
beam: A laboratory project to introduce geometric nonlinearity in mechanics of materials. Int. |.
Engng Ed. 19, 6, 885-892 (2003), https://www.ijee.ie/articles/Vol19-6/IJEE1457.pdf



Background reading

= F Norton. CHAPTER 16: Oscillatory Motion and Waves (theexpertta.com),
https://theexpertta.com/book-
files/OpenStaxCollegePhysics/CP_Ch16.%200scillatory%20Motion%20and%20Waves.pdf

= Lord Rayleigh. The Theory of Sound. (London, Macmillan, 1877, Courier Dover Publications,
1945), https://books.google.com/books?id=v4NSAlIsTwnQC,
https://books.google.com/books?id=FrvgulwSFfUC

= N. H. Fletcher and T. D. Rossing. The Physics of Musical Instruments. (New York, Springer-Verlag,
1991), https://books.google.com/books?id=9CRSRYQIRLKC




Problem No. 14 “Crystal critters”

Observe the evaporation of a drop of table salt solution on a warm hydrophobic
surface. After the water evaporates, a variety of characteristic crystal shapes remain.

Research and explain this phenomenon.




Born in 2011, Alex Mirkin is the youngest Submission inspired by his own experiments and by
contributor of a selected IYPT problem to date APS Gallery of Fluid Motion award-winning video by
and as of submission time Samantha McBride et al. (2019)
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Background reading

crystal (youtube, Hukuta YepHukos, 06.07.2025), https://youtube.com/shorts/CoB1qcRki5k

Crystal Critters (youtube, American Physical Society, 25.11.2019),
https://youtu.be/VV50c28QP70

S. A. McBride, H.-L. Girard, and K. K. Varanasi. Crystal critters: Self-ejection of crystals from
heated, superhydrophobic surfaces. Sci. Adv. 7 eabe6960 (2021),
https://doi.org/10.1126/sciadv.abe6960

F. KanngieBer and M. Kahnert. Modeling optical properties of non-cubical sea-salt particles. JGR
Atmospheres 126, 4, e2020JD033674 (2021), https://doi.org/10.1029/2020)D033674

S. A. McBride, H.-L. Girard, and K. K. Varanasi. Crystal critters. Phys. Rev. Fluids 5, 11, 110508
(2020), https://doi.org/10.1103/PhysRevFluids.5.110508

S. A. McBride, R. Skye, and K. K. Varanasi. Differences between colloidal and crystalline
evaporative deposits. Langmuir 36, 40, 11732-11741 (2020),
https://doi.org/10.1021/acs.langmuir.0c01139

H. Salim, P. Kolpakov, D. Bonn, and N. Shahidzadeh. Self-lifting NaCl crystals. J. Phys. Chem.
Lett. 11, 7388-7393 (2020), https://doi.org/10.1021/acs.jpclett.0c01871

S. Misyura. The dependence of evaporation and crystallization kinetics on dynamic and thermal
background. AIChE J. 66, 16282 (2020), https://doi.org/10.1002/aic.16282

M. J. Qazi, H. Salim, C. A. W. Doorman, E. Jambon-Puillet, and N. Shahidzadeh. Salt creeping as
a self-amplifying crystallization process. Sci. Adv. 5, eaax1853 (2019),
https://doi.org/10.1126/sciadv.aax1853



Background reading

S. A. McBride, S. Dash, and K. K. Varanasi. Evaporative crystallization in drops on
superhydrophobic and liquid-impregnated surfaces. Langmuir 34, 41, 12350-12358 (2018),
https://doi.org/10.1021/acs.langmuir.8b00049

S. Y. Misyura. Evaporation and heat transfer of aqueous salt solutions during crystallization.
Appl. Therm. Eng. 139, 203-212 (2018), https://doi.org/10.1016/j.applthermaleng.2018.04.068

S. Bengaluru Subramanyam, V. Kondrashov, J. Ruhe, and K. K. Varanasi. Low ice adhesion on
nanotextured superhydrophobic surfaces under supersaturated conditions. ACS Appl. Mater.
Interfaces 8, 20, 12583-12587 (2016), https://doi.org/10.1021/acsami.6b01133

J. Desarnaud, D. Bonn, and N. Shahidzadeh. The pressure induced by salt crystallization in
confinement. Sci. Rep. 6, 30856 (2016), https://doi.org/10.1038/srep30856

N. Shahidzadeh, M. F. L. Schut, J. Desarnaud, M. Prat, and D. Bonn. Salt stains from evaporating
droplets. Sci. Rep. 5, 10335 (2015), https://doi.org/10.1038/srep10335

A. Naillon, P. Duru, M. Marcoux, and M. Prat. Evaporation with sodium chloride crystallization in
a capillary tube. J. Cryst. Growth 422, 52-61 (2015),
https://doi.org/10.1016/j.jcrysgro.2015.04.010

B. Shin, M.-W. Moon, and H.-Y. Kim. Rings, igloos, and pebbles of salt formed by drying saline
drops. Langmuir 30, 43, 12837-12842 (2014), https://doi.org/10.1021/1a503095t

N. Shahidzadeh-Bonn, S. Rafai, D. Bonn, and G. Wegdam. Salt crystallization during
evaporation: Impact of interfacial properties. Langmuir 24, 16, 8599-8605 (2008),
https://doi.org/10.1021/1a8005629



Background reading

P. Y. Chan and N. Goldenfeld. Steady states and linear stability analysis of precipitation pattern
formation at geothermal hot springs. Phys. Rev. E 76, 4, 046104 (2007),
https://doi.org/10.1103/PhysRevE.76.046104

J. M. Garcia-Ruiz, R. Villasuso, C. Ayora, A. Canals, and F. Otalora. Formation of natural gypsum
megacrystals in Naica, Mexico. Geology 35, 4, 327-330 (2007),
https://doi.org/10.1130/G23393A.1

Y. O. Popov. Evaporative deposition patterns revisited: Spatial dimensions of the deposit. Phys.
Rev. E 71, 3, 036313 (2005), https://doi.org/10.1103/PhysRevE.71.036313, arXiv:cond-
mat/0408106 [cond-mat.soft]

P. Aussillous and D. Quéré. Liquid marbles. Nature 411, 924-927 (2001),
https://doi.org/10.1038/35082026

R. D. Deegan, O. Bakajin, T. F. Dupont, G. Huber, S. R. Nagel, and T. A. Witten. Contact line
deposits in an evaporating drop. Phys. Rev. E 62, 1, 756-765 (2000),
https://doi.org/10.1103/PhysRevE.62.756

R. D. Deegan, O. Bakajin, T. F. Dupont, G. Huber, S. R. Nagel, and T. A. Witten. Capillary flow as
the cause of ring stains from dried liquid drops. Nature 389, 827-829 (1997),
https://doi.org/10.1038/39827

R. Du and H. A. Stone. Evaporatively controlled growth of salt trees. Phys. Rev. E 53, 2, 1994-
1997 (1996), https://doi.org/10.1103/PhysRevE.53.1994



Background reading

= C. P Yakymyshyn, K. R. Stewart, E. P. Boden, and P. D. Phelps. Linear- and nonlinear-optic
properties of single-crystal organic salts. In Opt. Soc. Am. Annu. Meeting, Technical Digest
Series, paper FD6 (Optica Publishing Group, 1990), https://doi.org/10.1364/0AM.1990.FD6

= L. Pauling. The principles determining the structure of complex ionic crystals. J. Am. Chem. Soc.
51, 4, 1010-1026 (1929), https://doi.org/10.1021/ja01379a006,
https://www.docenti.unina.it/webdocenti-be/allegati/materiale-didattico/34126856

= R.J. D.Tilley. Crystals and Crystal Structures (John Wiley & Sons 2006),
https://www.geokniga.org/bookfiles/geokniga-crystalsandcrystalstructuresbyrichardjdtilleyz-
liborg.pdf




’

Problem No. 15 “Magnetic Newton’s cradle’

Repulsing, non-touching magnets are used instead of colliding balls to make a new
type of Newton's cradle. The new cradle can act in a similar way to a regular cradle,
but can also exhibit other interesting behaviour. Explain and study the movement of

this magnetic cradle.



Background reading

= Newton Cradle vs Magnet Cradle Efficiency (youtube, Active Kinetic 1, 21.09.2024),
https://youtu.be/OZ8mcgEwvNA

= 8 MaaTtHuk CtaHucnasa pp MarHuTHble LLapbl HeloTOHa pp Heo4MMOBbLIE MarHUTLI U
Konbibenb HetoToHa (youtube, MarumnT n MarHeTtunsm, 14.03.2023),
https://youtu.be/xS9fMuX3KTw

= Magnetic Newton's Cradle (youtube, physicsfun shorts, 12.06.2021),
https://www.youtube.com/shorts/55iWsHvgFaM

= @ MarHuTHbIn MasTHUK HbtoToHa CTaHucnaBa Ha 3D npuHTepe 3abaBHasa dusnyeckas
nrpywka Nropb beneuknn (youtube, Igor Beletskiy, 24.12.2019),
https://youtu.be/62HPBzOPBGw

=  First ever magnetic newtons cradle (youtube, Beau, 14.04.2019),
https://www.youtube.com/shorts/OLv06seZFfE

= Magnetic Newton's Cradle (youtube, physicsfun, 20.05.2017), https://youtu.be/-TOORDWg-6I
=  Wikipedia: Newton's cradle, https://en.wikipedia.org/wiki/Newton%27s cradle

=  Wikipedia: Force between magnets, https://en.wikipedia.org/wiki/Force_between _magnets

=  Wikipedia: Magnetic dipole, https://en.wikipedia.org/wiki/Magnetic_dipole

=  Wikipedia: Magnetization, https://en.wikipedia.org/wiki/Magnetization

=  Wikipedia: Neodymium magnet, https://en.wikipedia.org/wiki/Neodymium_magnet

=  Wikipedia: Eddy current, https://en.wikipedia.org/wiki/Eddy current




Background reading

H. Lorenz, S. Kohler, A. Parafilo, M. Kiselev, and S. Ludwig. Visualized wave mechanics by
coupled macroscopic pendula: Classical analogue to driven quantum bits. Sci. Rep. 13, 18386
(2023), https://doi.org/10.1038/s41598-023-45118-y, arXiv:2207.09296 [quant-ph]

A. Rakcheev and A. M. Lauchli. Dynamics of a pair of magnetic dipoles with nonreciprocal
interactions due to a moving conductor. Phys. Rev. B 106, 17, 174435 (2022),
https://doi.org/10.1103/PhysRevB.106.174435

L. Garcia-Raffi, L. Salmerdn-Contreras, N. Jiménez, M. Ahmed, V. Sanchez-Morcillo, R. Picd, and
J. Archilla. Nonlinear waves in a chain of magnetically coupled pendula. Proc. Mtgs. Acoust. 34,
1, 045037 (2018), https://doi.org/10.1121/2.0000915

F. M. Russell, Y. Zolotaryuk, J. C. Eilbeck, and T. Dauxois. Moving breathers in a chain of
magnetic pendulums. Phys. Rev. B 55, 10, 6304-6308 (1997),
https://doi.org/10.1103/PhysRevB.55.6304

T. Lee, M. Leok, and N. McClamroch. Lagrangian mechanics and variational integrators on two-
spheres (2007), arXiv:0707.0022 [math.NA]

How to make a magnetic Newton's cradle (education.theiet.org),
https://education.theiet.org/primary/teaching-resources/how-to-make-a-magnetic-newtons-
cradle

How to make a magnetic Newton's cradle (stem.org.uk, 2019),
https://www.stem.org.uk/resources/elibrary/resource/446804/how-make-magnetic-newtons-
cradle

Force between two magnets (TechDroid, May 8, 2019),
https://physics.stackexchange.com/questions/478810/force-between-two-magnets



Problem No. 16 “Twisted spaghetti”

When a bundle of spaghetti is twisted, it might withstand higher transverse (side)
forces than a straight, untwisted bundle. Investigate the response of a twisted bundle
to transverse stress and identify the optimal twist that maximises tolerance to

transverse stress.




Background reading

The Secrets of Breaking Spaghetti (youtube, The Action Lab, 04.11.2023),
https://youtu.be/RwtXVWOIWEk

Wikipedia: Torsion (mechanics), https://en.wikipedia.org/wiki/Torsion_(mechanics)

Y. Zhang, X. Li, Y. Dai, and B. Sun. Spaghetti breaking dynamics. Preprints 2021030311 (2021),
https://doi.org/10.20944/preprints202103.0311.v1

|. Mertova, E. Mouckova, B. Neckar, and M. Vysanska. Influence of twist on selected properties
of multifilament yarn. Autex Res. J. 18, 2, 110-120 (2018), https://doi.org/10.1515/aut-2017-
0018

G. M. Grason. Erratum: Topological defects in twisted bundles of two-dimensionally ordered
filaments [Phys. Rev. Lett. 105, 045502 (2010)]. Phys. Rev. Lett. 108, 5, 059901 (2012),
https://doi.org/10.1103/PhysRevLett.108.059901

l. R. Bruss and G. M. Grason. Non-Euclidean geometry of twisted filament bundle packing. Proc.
Natl. Acad. Sci. U.S.A. 109, 27, 10781-10786 (2012), https://doi.org/10.1073/pnas.1205606109

G. M. Grason. Topological defects in twisted bundles of two-dimensionally ordered filaments.
Phys. Rev. Lett. 105, 4, 045502 (2010), https://doi.org/10.1103/PhysRevLett.105.045502,
arXiv:1005.1108 [cond-mat.soft]

P. K. Porwal, I. J. Beyerlein, and S. L. Phoenix. Statistical strength of twisted fiber bundles with
load sharing controlled by frictional length scales. J. Mech. Mater. Struct. 2, 4, 773-791 (2007),
https://doi.org/10.2140/jomms.2007.2.773, https://msp.org/jomms/2007/2-4/jomms-v2-n4-p09-
s.pdf



Background reading

= P K. Porwal, I. J. Beyerlein, and S. L. Phoenix. Statistical strength of a twisted fiber bundle: An
extension of Daniels equal-load-sharing parallel bundle theory. J. Mech. Mater. Struct. 1, 8,
1425-1447 (2006), https://10.2140/jomms.2006.1.1425, https://msp.org/jomms/2006/1-
8/jomms-v1-n8-p07-s.pdf

= B. Audoly and S. Neukirch. Fragmentation of rods by cascading cracks: Why spaghetti does not
break in half. Phys. Rev. Lett. 95, 9, 095505 (2005),
https://doi.org/10.1103/PhysRevLett.95.095505,
http://www.Imm.jussieu.fr/~neukirch/articles/audoly_neukirch_fragmentation_rods _cascading_cr
acks PhysRevLett 2005.pdf

= J. R. Gladden, N. Z. Handzy, A. BelImonte, and E. Villermaux. Dynamic buckling and
fragmentation in brittle rods. Phys. Rev. Lett. 94, 3, 035503 (2005),
https://doi.org/10.1103/PhysRevLett.94.035503, arXiv:cond-mat/0410642 [cond-mat.soft],
https://web.archive.org/web/20060904162706/https://www.phy.olemiss.edu/~jgladden/cv/buckl
ing_prl.pdf

= G. Guinea, F. Rojo, and M. Elices. Brittle failure of dry spaghetti. Eng. Fail. Anal. 11, 5, 705-714
(2004), https://doi.org/10.1016/j.engfailanal.2003.10.006

= R. W. D. Nickalls. The dynamics of linear spaghetti structures — how one thing just leads to
another :-) (nickalls.org, June 14, 2006),
http://www.nickalls.org/dick/papers/spaghetti/spaghetti.pdf




Background reading

TORSIONAL RIGIDITY: DEFINITION, FORMULAS, AND APPLICATIONS (Austin Peng, 2 Jul 2025),
https://www.dekmake.com/torsional-rigidity/

Design Methods to Improve Torsional Rigidity (be-cu.com), https://be-cu.com/blog/design-
methods-to-improve-torsional-rigidity/




Problem No. 17 “Travelling flame”

A flame can propagate continuously around a ringshaped trough containing a thin
layer of flammable liquid. Investigate how the characteristics of this travelling flame

depend on relevant parameters.



Background reading

Bizarre travelling flame discovery (youtube, Steve Mould, 20.04.2024),
https://youtu.be/SghXQUzVMIQ

C. B. batmaHos, C. . Cyxapckun. O630p skCnepuMeHTanbHbIX NCCNeQ0BaHNA onpeaeneHns
CKOPOCTY (hPOHTa MJIaMeHN NO MOBEPXHOCTU FrOPHOYEN XXUOKOCTU. IKOHOMUKA CTPOUTENLCTBA
8, 200-207 (2024), https://doi.org/10.24412/0131-7768-2024-8-200-207

V. V. Zamashchikov. Mechanism of flame propagation above the surface of a flammable liquid.
Combust. Explos. Shock Waves 56, 6, 629-633 (2020),
https://doi.org/10.1134/S0010508220060027

K. Akita, O. Fujiwara, and Y. Ohya. Pulsating flame spread along the surface of liquid fuels.
Combust. Flame 176, 78-82 (2017), https://doi.org/10.1016/50010-2180(71)80172-4

M. Li, S. Lu, R. Chen, J. Guo, and C. Wang. Experimental investigation on flame spread over
diesel fuel near sea level and at high altitude. Fuel 184, 665-671 (2016),
https://doi.org/10.1016/j.fuel.2016.07.060

J. Ji, S. Lin, C. Zhao, K. Li, and Z. Gao. Experimental study on initial temperature influence on

flame spread characteristics of diesel and gasoline-diesel blends. Fuel 178, 283-289 (2016),
https://doi.org/10.1016/j.fuel.2016.03.072

X. Huang and M. J. Gollner. Correlations for evaluation of flame spread over an inclined fuel
surface. Fire Saf. Sci. 11, 222-233 (2014), https://doi.org/10.3801/IAFSS.FSS.11-222,
https://publications.iafss.org/publications/fss/11/222/view/fss 11-222.pdf

D. White, C. L. Beyler, C. Fulper, and . Leonard. Flame spread on aviation fuels. Fire Saf. J. 28,
1, 1-31 (1997), https://doi.org/10.1016/S0379-7112(96)00070-7



Background reading

H. D. Ross. Ignition of and flame spread over laboratory-scale pools of pure liquid fuels. Prog.
Energy Combust. Sci. 20, 1, 17-63 (1994), https://doi.org/10.1016/0360-1285(94)90005-1

H. Ishida and A. Iwama. Flame spreading along the surface of gelled (0/W emulsified)
hydrocarbon fuel pool. Combust. Sci. Technol. 36, 1-2, 65-82 (1984),
https://doi.org/10.1080/00102208408923726

|. Glassman and F. L. Dryer. Flame spreading across liquid fuels. Fire Saf. J. 3, 2, 123-138 (1981),
https://doi.org/10.1016/0379-7112(81)90038-2

K. E. Torrance and R. L. Mahajan. Fire spread over liquid fuels: Liquid phase parameters. Symp.
Combust. Proc. 15, 1, 281-287 (1975), https://doi.org/10.1016/S0082-0784(75)80304-3

K. Akita. Some problems of flame spread along a liquid surface. Symp. Combust. Proc. 14, 1,
1075-1083 (1973), https://doi.org/10.1016/50082-0784(73)80097-9

W. A. Sirigano. A critical discussion of theories of flame spread across solid and liquid fuels.
Combust. Sci. Technol. 6, 1-2, 95-105 (1972), https://doi.org/10.1080/00102207208952309

F. A. Lastrina, R. S. Magee, and R. F. McAlevy lll. Flame spread over fuel beds: solid-phase
energy considerations. Symp. Combust. Proc. 13, 1, 935-948 (1971),
https://doi.org/10.1016/S0082-0784(71)80094-2

Combustion Basics for Beginner (Sharad Pachpute, cfdflowengineering.com),
https://cfdflowengineering.com/combustion-basics-for-beginner/



The ultimate response to all "What for?"-questions:

“1f we knew what we were doing,
it wouldn't be called research!

Albert Einstein




Habits and customs

= Originality and independence of your work is always considered as of a first priority
= Thereis no “correct answer” to any of the IYPT problems

= Having a deep background knowledge about earlier work is a must

= Taking ideas without citing is a serious misconduct

= Critically distinguishing between personal contribution and common knowledge is likely
to be appreciated

= Reading more in a non-native language may be very helpful

= Local libraries and institutions can always help in getting access to paid articles in
journals, books, and databases

= The IYPT is not about reinventing the wheel, or innovating, creating, discovering, and
being able to contrast own work with earlier knowledge and the achievements of
others?

= IsIYPT all about competing, or about developing professional personal standards?




Requirements for a successful IYPT report

Novel research, not a survey or a compilation of known facts
Balance between experimental investigation and theoretical analysis

Comprehensible, logical and interesting presentation, not a detailed description of
everything-you-have-performed-and-thought-about

Clear understanding of the validity of your experiments, and how exactly you analyzed
the obtained data

Clear understanding of what physical model is used, and why it is considered appropriate
Clear understanding of what your theory relies upon, and in what limits it may be applied
Comparison of your theory with your experiments

Clear conclusions and clear answers to the raised questions, especially those in the task
Clear understanding of what is your novel contribution, in comparison to previous studies
Solid knowledge of relevant physics

Proofread nice-looking slides

An unexpected trick, such as a demonstration in situ, will always be a plus



Feynman: to be self-confident?

= “I've very often made mistakes
In my physics by thinking the
theory isn’t as good as it really
IS, thinking that there are lots of
complications that are going to
spoil it

= — an attitude that anything can
happen, in spite of what you're
pretty sure should happen.”

R.P. Feynman. Surely You're Joking, Mr. Feynman (Norton, New York, NY, 1985)



In search for missing results

Have you attended an IYPT marked in and preserved
Physics Fight results, e.g. by keeping printed rankings?

Have you attended an IYPT marked in orange or cand AR i
recorded grades from a Fight, e.g. by writing them down? ,

Orange: all Sums of Points (SP) are known, but some Juror’s grades are not . .

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

2020 2021 2022 2023 2024 2025 :
Thank you for helping us locate
the missing results of past IYPTs




Expediting metadata extraction for the Kit

. Each Kit includes extensive metadata for each reference as plain text
= Human-readable, comprehensible references (not just URL or DOI) to facilitate review and study

= A well-documented reference will remain (more) usable in the future even if an exact URL goes dead

Screen!ng, Acceptllng a Metadata Final Added to
immediate valid

(AEEE o reparation olishin the Kit
rejections reference prep P 9

Finding a

Fetching metadata (e.g. publication dates for YouTube videos) is time consuming

= However it must be done to keep the Kit usable and consistent now and in the remote future

=  We acknowledge Sergey Bulykin and Artem Golomolzin for a custom-
designed script that contributes to expedited metadata extraction

=  Publication date, title, author etc. is retrieved automatically via API, in
particular from YouTube, CrossRef, Semantic Scholar

. If the information cannot be found via API, a large language model
(LLM) extracts details directly from the contents of the link



Call for cooperation

If you are interested in the idea behind the Kit — to structure the existing knowledge about
the physics behind the problems and to encourage students to contrast their personal
contribution from the existing knowledge — your cooperation is welcome

If more contributors join the work on the Kit for 2026, or plan bringing together the Kit for
2027, good editions may be completed earlier

It would be of benefit for everybody,

Q

students and team leaders, who would have an early reference (providing a first impetus
to the work) and a strong warning that IYPT is all about appropriate, novel research, and
not about “re-inventing the wheel”

jurors, who would have a brief, informal supporting material, possibly making them more
objective about the presentations

the audience outside the IYPT, who benefits from the structured references in e.g. physics
popularization activities and physics teaching

the IYPT, as a community and a center of competence, that may generate original, state-
of-the-art research problems, widely used in other activities and at other events

and also the authors of the Kit, who could rapidly acquire a competence for the future
activities and have a great learning experience
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